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(57) Abstract: A gear unit comprising a housing, two 
shafts arranged parallel with one another and each sup- 
porting a helically cut toothed gear, and two pairs of 
bearings supported by or relative to the housing in an 
arrangement in which each pair of bearings rotatably 
supports a shaft with the toothed gears of the two shafts 
being rotatable one relative to the other in mutual en- 
gagement, wherein two bearings of the two shafts ly- 
ing to a common side of the inter-engaged helical gears 
are supported by a substantially common wall section 
of the gear unit housing, one of said two bearings being 
arranged to transmit to said housing wall section axial 
forces acting in a direction from the gears to the bear- 
ing and the other bearing being arranged to transmit to 
said wall section axial forces acting in a direction from 
said other bearing to the gears. The said two bear- 
ings of the two shafts lying to a common side of the 
inter-engaged helical gears may be taper roller bear- 
ings and the bearings of one shaft may be arranged in 
the manner of X type bearing configuration whilst the 
bearings of the other shaft may be arranged in an O 
type configuration. 
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GEAR UNIT 



This invention relates to a gear unit and in particular, though not 
exclusively, to a gear unit comprising at least one pair of parallel shafts and a pair 
of helical gears. 

Although helical gears provide a smoother and quieter transmission of 
torque between two rotatable shafts, they inherently tend to generate axial forces 
acting in the direction of the axis about which a gear rotates. 

The axially generated forces created when helical gears transmit torque act 
on the gear unit housing via shaft support bearings. The resulting deformation of 
the gear unit housing has an adverse effect on the axial clearance or preload of the 
support bearings. Particularly in the case of bearings of the taper roller type that 
can have a significant adverse effect on the bearing performance and life, and 
potentially also an adverse effect on the smoothness and general performance of 
the helical gears. 

It is well known that the axial forces can be avoided by providing a pair of 
helical gears on a common shaft with one gear of the pair comprising teeth which 
extend helically in a direction opposite to the teeth of the other gear of the pair. 
That, however, often is not a satisfactory solution because of additional costs and 
restriction on other aspects of the gear unit design. 

Another technique which may be employed to minimise the effect of axial 
forces on bearing clearance and preload is to selectively strengthen the housing 
wall so that it is better able to resist significant defamation. That, however, 
requires the use of additional material, thereby increasing weight and cost as well 
as overall dimensions. 

One object of the present invention is to provide a gear unit which is better 
able to resist the effect of axial forces arising in a pair of parallel shafts. 



WO 03/076833 ^^PCT/IB03/0079 1 

In accordance with one aspect of the present invention a gear unit 
comprises a housing, two shafts arranged parallel with one another and each 
supporting a helically cut toothed gear, and two pairs of bearings supported by or 
relative to the housing in an arrangement in which each pair of bearings rotatably 
supports a shaft with the toothed gears of the two shafts being rotatable one 
relative to the other in mutual engagement wherein two bearings of the two shafts 
lying to a common side of the inter-engaged helical gears are supported by a 
substantially common wall section of the gear unit housing, one of said two 
bearings being arranged to transmit to said housing wall section axial forces acting 
in a direction from the gears to the bearing and the other bearing being arranged 
to transmit to said wall section axial forces acting in a direction from said other 
bearing to the gears. 

The other two bearings, typically lying to the other side of the inter- 
engaged helical gears, may be similarly arranged such that a second wall section of 
the housing, opposite the aforementioned wall section, may be acted on 
simultaneously by opposing axial forces exerted by the two shafts. The bearings 
preferably are each of a type, or arranged, such that for each of the two shafts, 
axial forces acting in one direction are transmitted to a housing wall section by 
only one of the two bearings of that shaft. If any axial forces of that shaft act in an 
opposite direction (e.g. if the shafts are provided with helical gears of a reversed 
helix angle) those forces may be transmitted to a wall section only by the other of 
the two bearings of that shaft. 

Each of said bearings may be of a type known per se, for example it may 
comprise ball bearings, cylindrical or spherical roller bearings. 

The bearings of one of the two shafts may be arranged in the manner of an 
X type bearing configuration in which axial forces are transmitted from an inner 
ring to an outer ring, and therefore to a housing wall section in a direction away 
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from the gears, and the bearings of the other shaft are disposed in the equivalent 
of an O type configuration, with axial forces being transmitted from the inner ring 
to the outer ring and thus to a housing wall section in a direction from the bearing 
towards the gears. 

A particularly suitable type of bearing is a taper roller bearing, and the 
bearings of one of the two shafts may be arranged in an O configuration and those 
of the other shaft in an X configuration. 

Accordingly the present invention provides also a gear unit comprises a 
housing, two shafts arranged parallel with one another and each supporting a 
helically cut toothed gear, and two pairs of taper roller bearings supported by or 
relative to the housing in an arrangement in which each pair of bearings rotatably 
supports a shaft with the toothed gears of the two shafts being rotatable one 
relative to the other in mutual engagement, the pair of taper roller bearings of one 
shaft being provided axially spaced in an O configuration in which the diameter of 
the bearing rollers of each bearing increases progressively in the direction away 
from the other bearing of the pair, and the taper roller bearings of the other shaft 
being provided axially spaced in an X configuration in which the diameter of the 
bearing rollers of each bearing decreases progressively in the direction away from 
the other bearing of the pair. 

An arrangement of a pair of axially spaced taper roller bearings in which the 
bearing rollers of one bearing increase in diameter in a direction away from the 
other bearing of the pair is referred to as an O bearing configuration. An 
arrangement of a pair of axially spaced bearings in which the bearing rollers of one 
bearing decrease in diameter in a direction away from the other bearing of the 
pair is referred to as an X bearing configuration. 

The invention envisages that each shaft may have a helical gear thereof 
positioned axially between the bearings of that shaft, and that the bearings of a 
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pair are positioned respectively in substantially mutually opposite wall sections of 
the housing. 

Embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying diagrammatic drawings, in 
which: - 

Figure 1 is a sectional view of part of a gear unit accordance with the 
present invention; 

Figure 2 is a sectional view of part of another gear unit in accordance with 
the present invention, and 

Figure 3 is a sectional view of a multi-stage gear unit in accordance with the 
present invention. 

A gear unit 10 (see Figure 1) comprises a housing 11 having mutually 
opposite side wall sections 20, 21 and two mutually parallel shafts 12, 13. The 
shaft 12 has secured thereto a helically cut toothed gear 14 and the shaft 13 is 
provided with a helically cut pinion gear 15. The line of action of inter-engaging 
gear teeth is shown by the line 16 in the accompanying drawing. 

Shaft 12 is rotatably supported relative to the housing 1 1 by a pair of axially 
spaced taper roller bearings 18, the bearings of that pair being located respectively 
in the opposite side wall sections 20, 21 of the housing 11. The bearings 18 are 
arranged in an X configuration in which the diameter of each bearing roller 
decreases in the direction away from the other bearing of the pair. 

The shaft 13 is similarly rotatably supported relative to the housing by 
means of a pair of axially spaced taper roller bearings 17, except that the bearings 
of this pair are mounted in a reverse manner, in an O configuration. 

In use of the aforedescribed gear unit, when torque is transmitted between 
the gears 14, 15, there results an axial force 31 on the shaft 13 and an axial force 
32 on the shaft 12. Reaction forces to counter the axial forces 31, 32 are 
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transmitted to a common wall section, section 21, by virtue of the orientation of 
the taper roller bearings. Thus, in contrast to a conventional gear arrangement in 
which the mutually parallel shafts are supported by pairs of bearings each arranged 
in the same O or X configuration, which results in the reaction forces being 
carried by opposite wall sections, and consequential deformation of the wall 
sections relative to one and another, by the present invention the reaction forces 
act at a common wall section and thus do not result in any adverse effect on 
bearing clearance or preload. 

Figure 2 shows two shafts 40,41 each carrying a helically cut gear 42,43, the 
two shafts 40,41 being rotatably mounted relative a housing 44 with the two gears 
42,43 in mutual inter-engagement to transmit torque therebetween. 

Each shaft is rotatably supported relative to a wall section of the gear unit 
housing 44 by a pair of cylindrical roller bearings respectively disposed at opposite 
sides of the gears 42,43, i.e. at opposites sides of a notional middle line 45 as 
shown in Figure 2. Each of the four cylindrical bearings is of the kind which can 
transmit axial forces in one direction in addition to radial forces. 

The bearings 50,51 of the shaft 40 are arranged in a manner equivalent to 
an X type configuration such that axial forces in a direction from the middle line 
45 to the bearing 50 are resisted by that bearing, whereas axial forces acting in the 
opposite direction, towards the bearing 51, and arising when the direction of 
rotation of the gear unit 42 is reversed, act on said bearing 51. In contrast, for the 
shaft 41 the two bearings 52,53 are arranged in a manner equivalent to an O type 
configuration. Thus for the bearing 52, axial forces are transmitted from the inner 
to the outer ring of the bearing in the case of axial forces acting a direction from 
the bearing 52 to said middle line 45. Bearing 53 similarly transmits to the housing 
44 forces acting in a direction from the bearing 53 to said middle line 45. In 
consequence, that section of the housing wall common to the region of the 
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bearings 50,52 experiences substantially equal and opposite forces from the shafts 
40,41 and similarly, if use is made of gears 42,43 of a reversed helix angle, the 
housing wall section common to the bearings 51,53 likewise experiences 
substantially equal and opposite axial forces from the shafts 40,41. 

The present invention can be applied also to a multistage gear unit Figure 
3 shows a three stage gear unit 60 comprising a housing 61 in which four shafts 
62,63,64,65 are rotatably supported by means of roller bearings. Shaft 62 is 
rotatably supported by a pair taper roller bearings 66 arranged in an X 
configuration, or alternatively by a pair of cylindrical bearings 66* arranged also in 
an X configuration (as shown on alternative shaft section 62') and which can 
transmit axial forces in one direction in addition to radial forces. Shaft 63 is 
rotatably supported by a pair of taper roller bearings 67 in an O configuration. 
The two shaft 64, 65 are each similarly supported by pairs of taper roller bearings 
68,69 arranged in an O configuration. 

The main axial forces arising in the respective shafts are experienced by the 
low speed shaft 62. These axial forces, as exerted on one of the housing wall 
sections 70,71 at either side of the gear unit depending on the orientation of the 
helix angle of the gear teeth, are therefore countered by axial forces in the 
neighboring shaft 63. Thus the effective axial shaft forces acting on the housing 
are substantially reduced as compared with a configuration in which all of the 
shafts are, for example, mounted by taper roller bearings in an O configuration. 

Whilst the invention has been described in respect of each shaft being 
supported solely by one pair of bearings, it is to be understood that each shaft 
could be supported by additional pairs of bearings, typically all bearings on the 
shaft being of the same O or X configuration. Additionally, auxiliary bearing 
support may by provided by, for example, roller or spherical bearings which may 
be in combination with taper roller bearings. 
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CLAIMS 

1. A gear unit comprising a housing, two shafts arranged parallel with one 
another and each supporting a helically cut toothed gear, and two pairs of 
bearings supported by or relative to the housing in an arrangement in which 
each pair of bearings rotatably supports a shaft with the toothed gears of 
the two shafts being rotatable one relative to the other in mutual 
engagement, wherein two bearings of the two shafts lying to a common side 
of the inter-engaged helical gears are supported by a substantially common 
wall section of the gear unit housing, one of said two bearings being 
arranged to transmit to said housing wall section axial forces acting in a 
direction from the gears to the bearing and the other bearing being 
arranged to transmit to said wall section axial forces acting in a direction 
from said other bearing to the gears. 

2. A gear unit according to claim 1 wherein said two bearings of the two shafts 
lying to a common side of the inter-engaged helical gears are taper roller 
bearings. 

3. A gear unit according to claim 1 or claim 2 wherein the bearings of one 
shaft are arranged in the manner of an X type bearing configuration and the 
bearings of the other shaft are arranged in an O type configuration. 

4. A gear unit comprising a housing, two shafts arranged parallel with one 
another and each supporting a helically cut toothed gear, and two pairs of 
taper roller bearings supported by or relative to the housing in an 
arrangement in which each pair of bearings rotatably supports a shaft with 
the toothed gears of the two shafts being rotatable one relative to the other 
in mutual engagement, the pair of taper roller bearings of one shaft being 
provided axially spaced in an O configuration in which the diameter of the 
bearing rollers of each bearing increases progressively in the direction away 
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from the other bearing of the pair, and the taper roller bearings of the 
other shaft being provided axially spaced in an X configuration in which the 
diameter of the bearing rollers of each bearing decreases progressively in 
the direction away from the other bearing of the pair. 

5. A gear unit according to any one of the preceding claims wherein each shaft 
comprises a helical gear positioned axially between the pair of bearings of 
that shaft. 

6. A gear unit according to any one of the preceding claims and comprising at 
least three mutually parallel shafts each provided with a helically cut 
toothed gear and rotatably supported in a housing by a pair of bearings, the 
low speed shaft being rotatably supported by bearings arranged in an X or 
O configuration of a type opposite the configuration of the bearings of the 
neighboring shaft. 

7. A gear unit according to claim 6 wherein the low speed shaft is rotatably 
supported by bearings arranged in an X or O configuration and the gear 
unit comprises at least two additional shafts each rotatably supported by 
bearings arranged in the same configuration as one another, and opposite 
the configuration of the low speed shaft. 

8. A gear unit according to claim 7 wherein the low speed shaft is rotatably 
supported by bearings arranged in an X type configuration. 

9. A gear unit according to claim 1 or claim 4 and substantially' as hereinbefore 
described. 
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